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1
Introduction
The preparation of scientifically literate students is a perennial goal of science education,
and an adequate understanding of NOS is a central component of scientific literacy (American
Association for the Advancement of Science [AAAS], 1989; Bell & Lederman, 2003; Lederman,
1992). Despite the fact that the importance of NOS has been accepted in the science education
community, many studies that assess K-12 students’ conceptions of NOS have found that they do
not possess an adequate understanding of NOS (e.g., Kang, Scharmann & Noh, 2004; Lederman,
1992; Lederman, Abd-El-Khalick, Bell, & Schwartz, 2002; Lederman & O’Malley, 1990). One
explanation for students’ lack of understanding of current conceptions of NOS is that the
majority of elementary and secondary teachers rarely address this topic explicitly in their science
classes. In addition, many studies consistently have shown that preservice science teachers as
well as experienced science teachers do not possess adequate conceptions of NOS (Abd-ElKhalick, Bell, & Lederman, 1998; Liu & Lederman, 2003). One reason for this trend is the lack
of emphasis on NOS in the science courses of most teacher preparation programs (Matkins, Bell,
Irving & McNall, 2002).
As the need to include NOS in preservice teacher education programs has been
recognized in science education, many studies have reported the effectiveness of preservice
teacher education programs that include NOS instruction (Akerson, Abd-El-Khalick, &
Lederman, 2000; Schwartz, Lederman, & Crawford, 2004). However, some studies have
reported limited success in facilitating preservice teachers’ development of accurate conceptions
of NOS (Abd-El-Khalick et al., 1998; Akindehin, 1988; Matkins et al., 2002; Scharmann &
Harris, 1992). It is likely that these results may be due to the various approaches used to include
NOS in preservice teacher education programs.
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Typically, NOS instruction has been approached implicitly, based on the long-held
assumption that learning about NOS would result as a byproduct of the learners’ engagement in
science-based activities (Abd-El-Khalick & Lederman, 2000; Haukoos & Penick, 1983).
However, other studies have shown that a formal and direct instructional approach to various
aspects of science is more effective in fostering appropriate conceptions of NOS (Abd-ElKhalick & Lederman, 2000; Akindehin, 1998; Ogunniyi, 1983). These studies concluded that
knowledge of NOS needs to be taught explicitly in that it has a conceptual framework including
history, philosophy, and sociology of science. Nevertheless, while admitting the effectiveness of
explicit instruction, some studies indicated the limitations of the uncontextualized manner of the
explicit approach (Matkins et al., 2002; Schwartz, Lederman, Khishfe, Lederman, Matthews &
Liu, 2002). These studies concluded that an explicit, context-based approach (i.e., explicit
instruction of NOS related to science based issues) appears to be more beneficial than an explicit
approach alone. According to them, in order to help preservice teachers integrate their
understanding of NOS to their science instruction, knowledge of NOS needs to be taught
explicitly within science contexts. Along this line of debate, the influence of each approach
needs to be investigated in the same context. In addition, since each approach might have its own
strengths, an integrated instructional module that includes various approaches needs to be
developed.
Despite the many studies that have investigated how NOS is connected to preservice
teacher education programs, there are actually few science teacher education programs that have
courses that explicitly teach NOS (Galili & Hazan, 2001; Matthews, 1994). Most teacher
education programs try to include several NOS lessons in the science methods courses. That is,
most preservice teachers receive their primary NOS learning in the science methods course.
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However, little attempt has been made to develop a curriculum or instructional module that is
suitable for teaching NOS in the science methods course. Also, some studies have asserted that
science methods courses do not provide the optimal context for improving preservice teachers’
understanding of NOS (Brown, Collins, & Duguid, 1989).
Even though researchers have attempted to improve science preservice teachers’
understanding of NOS in the context of the science methods course (e.g., Akerson et al., 2000),
they used the science methods course as the only available context in which to investigate the
influence of a certain approach to NOS teaching. In this study, beyond examining the influence
of one certain approach to NOS teaching, we developed an instructional module that included
various instructional approaches to NOS teaching for a middle grades science methods course.
Also, we investigated how preservice teachers’ understanding of NOS was influenced by the
instructional module. The basic assumption of this study was that the inclusion of various
approaches would contribute to developing preservice teachers’ understanding of NOS. In
addition, we anticipated that in the context of the science methods course, we could compare the
effectiveness of each approach to NOS teaching. We also expected that the results of this study
would contribute to refining our future NOS teaching module in the science methods course.
Purpose and Research Questions
The purpose of this study was to investigate changes in preservice teachers’
understanding of NOS as a result of different instructional approaches used in a middle grades
science methods course. In addition, preservice teachers’ perceptions of the different
instructional approaches of NOS were investigated. This research was guided by the following
questions:
1. How do preservice teachers’ understanding of NOS change through NOS instruction
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that includes various approaches to NOS teaching?
2. How do preservice teachers perceive that different activities within the three
instructional approaches influence their understanding of NOS?
Theoretical Framework
Components of NOS
The conception of NOS has changed over the years. More recently, the “Nature of
Science” has been defined as the epistemology of science, i.e., science as a way of knowing, or
an individual’s values, beliefs, and assumptions inherent in the development of scientific
knowledge (Hammrich, 1997; Lederman 1992; Lederman & Zeidler, 1987). NOS also has been
referred to more broadly as “ideas-about-science” (Osborne, Collins, Ratcliffe, Millar, & Duschl,
2003). For the purposes of this study, we refer to the nature of science as the epistemology of
science in relation to the nature of scientific knowledge and the development of scientific
knowledge.
There have been many studies that have suggested certain components of NOS that are
relevant to K-12 students. Lederman and his colleagues (e.g. Lederman & Abd-El-Khalick,
1998; Schwartz et al., 2002; Smith, Lederman, Bell, McComas, & Clough, 1997) included
empirical, inferential, subjective, and tentative nature of scientific knowledge as essential
components of NOS. In addition, they included the role of imagination/creativity, the
social/cultural influence on science, and the distinction between theories and laws.
Based on the assumption that the academic community does not have a well-established
consensus about which components of NOS should be included in the school science curriculum,
Osborne and his colleagues (2003) reported nine themes about NOS which were considered to be
essential components of school science curriculum by scientists, science communicators,
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philosophers and sociologist of science, and science educators. These were science and certainty,
analysis and interpretation data, scientific method and critical testing, hypothesis and prediction,
creativity, collaboration in the development of scientific knowledge, science and technology,
historical development of scientific knowledge, and diversity of scientific thinking.
For the purpose of this study, we chose six components of NOS from Lederman and his
colleagues’ studies: the empirical, inferential, subjective, and tentative nature of scientific
knowledge, the role of creativity/imagination, and the social/cultural influence. These
components have been accepted in many studies (Lederman, 1992; Lederman & Abd-El-Khalick,
1998; Smith et al., 1997) as being relevant and accessible to K – 12 students. Besides these six
components, we added an understanding of the development of scientific knowledge since we
asserted that the view about development of scientific knowledge is an essential part of the
epistemology of science.
Attempts to improve preservice teachers’ understanding of NOS
There have been many instructional attempts to improve preservice teachers’
understanding of NOS. Usually, NOS has been taught implicitly based on the assumption that an
understanding of NOS can be improved through science process skills instruction, science
content coursework, and doing science (Akerson et al., 2000). This approach suggests that
science teachers learn the concepts of NOS from instruction in science process-skills and/or
participation in inquiry-based activities (Abd-El-Khalick & Lederman, 2000; Bianchini &
Colburn, 2000; Haukoos & Penick, 1983; Sharman & Harris, 1992).
The assumption that preservice teachers can enhance their understanding of NOS simply
by participating in science-based activities has been criticized by advocates of the explicit
approach of NOS instruction (Abd-El-Khalick & Lederman, 2000). According to the explicit
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approach, to get an understanding of NOS, learners have to be provided with conceptual tools,
such as some key components of NOS that enable them to think about and reflect on the
activities in which they are engaged (Abd-El-Khalick & Lederman, 2000; Akindehin, 1988;
Ogunniyi, 1983). In the explicit approach, the various aspects of science such as the history,
philosophy, and sociology of science are addressed intentionally and explicitly. Research results
have also reported that the explicit approach has usually been more effective in facilitating valid
conceptions of NOS (Abd-El-Khalick & Lederman, 2000; Akerson et al., 2000; Schwartz et al.,
2004).
While there was agreement that an explicit approach is more effective than the implicit
approach for learning about NOS, some studies indicated limitations in the uncontextualized
nature of an explicit approach (Driver, Leach, Millar, & Scott, 1996; Matkins et al., 2002). They
concluded that NOS instruction that does not include science contexts leads preservice teachers
to view NOS as supplemental rather than integral to their science instruction. To overcome this
limitation, Matkins et al. (2002) suggested an explicit, context-based approach: the explicit
instruction of NOS should be embedded in science contexts. They found that the explicit
instruction of NOS relating to science-based issues was more effective than the explicit approach
alone.
In summary, an explicit approach (i.e. explicit, not context based approach) is more
effective in improving preservice teachers’ understanding of NOS than an implicit approach.
However, to encourage preservice teachers to integrate their understanding of NOS with their
science instruction, explicit instruction of NOS needs to be conducted in a science context (i.e.
explicit, context-based approach). Furthermore, while most studies examined the effectiveness of
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a specific approach, there have been few studies that have included various approaches and
compared the effectiveness of each approach within the same course.
Methods
Methodological Framework
For this study, we employed action research as a methodological framework, providing a
guide for organizing and interpreting the data to be gathered. Action research is defined as a
systematic and self-reflective inquiry undertaken by practitioners to improve their teaching
practices and their understanding of these practices (Carr & Kemmis, 1986). Action research is
as an effective tool to engender reflective practice (Price & Valli, 2005), as it encourages
teachers to recognize practical and personal problems related to their teaching practices and to
take action to resolve these problems (Capobianco, Horowitz, Canuel-Browne, & Trimarchi,
2004). In this study, we used an action research framework to investigate the effectiveness of our
NOS teaching using various instructional approaches in the context of the science methods
course. Not only did we seek to understand the influence of these approaches on students’
learning, we also sought to use our findings to inform our refinement of the implementation of
the three approaches in science methods courses.
Context of the Study
Data were collected throughout the two semesters in which participants were enrolled in
the two-course middle grades science methods sequence. The two science methods courses in
which we conducted this study were offered by the Department of Science Education in a large
research university located in the southeastern region of the United States. The two-course
sequence was designed for Bachelor’s and Master’s degree students who were studying to be
science teachers in the middle grades. The first semester focused on methods for teaching
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Biology and Earth Science concepts in the middle grades, while the second semester focused on
methods for teaching Chemistry and Physics concepts in the middle grades. Each of the courses
was taught by a different instructor.
Nineteen preservice teachers (18 females and 1 male) were enrolled in the first semester
course. Seventeen of the 18 females and the one male from the first semester course enrolled in
the second semester course. For this study, ten students volunteered to participate. All the
participants were undergraduate students. None of the participants had taken formal course work
related to NOS.
Three Instructional Approaches
The participants were engaged in four activities that were selected or designed according
to three instructional approaches. The three explicit instructional approaches were; explicit, not
context- based; explicit, context-based; and explicit, case-based. Besides the two instructional
approaches drawn from the literature (i.e. explicit, not context-based and explicit, context-based),
we added an explicit, case-based approach. We included the explicit, case-based approach to
focus more on an understanding of the development of scientific knowledge through reading and
developing a historical case. The case-based method has been accepted in teacher education for
various purposes. Cases can be used as examples or exemplars to demonstrate theoretical
principles (Doyle, 1990). It has been asserted that using cases improves students’ skills in
analysis, decision making, and problem solving and stimulates personal reflection (Doyle, 1990;
Merseth, 1992).
Explicit, not Context-Based
The Cube Activity was purposefully selected to reinforce participants’ understanding of
the target components of NOS. This activity can be found on Internet websites and in books as
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an explicit instructional approach to NOS (Lederman & Abd-El-Khalick, 1998;
http://books.nap.edu/html/evolution98/evolv6-a.html). It was taught by the third author for five
hours and consisted of three parts. In the first part, the instructor divided the class into groups of
four and gave each group a numbered cube. He then asked the groups what was on the bottom of
the cube. The preservice teachers were asked to propose an explanation based on their
observation of other sides of the cube. Then the instructor gave each group a second cube which
included a different name and color on each side of the cube. He asked the preservice teachers to
propose an explanation for what was on the bottom of the cube using the available evidence from
the other sides. Finally, the participants designed their own cube which they exchanged and used
for an evaluation. Group discussion and class discussion were encouraged during the activity.
Explicit, Context-Based
The Pendulum Lesson was designed and taught for four hours by the second author of
this study. Compared to the Cube Activity, this activity was more science content related. It
included physics concepts such as the movement of the pendulum, the period and frequency, and
the factors that influence the period of the pendulum. In addition, the activity aimed to give
participants an opportunity to do science. The participants were then asked to develop inquiry
questions, predictions, and explanations related to factors that influence the swing of the
pendulum. Next, they were required to design experiments and find evidence to support their
explanations through the experiments. This activity was on the assumption that an understanding
of NOS can be improved through science process skills instruction, science content instruction,
and doing science (Akerson et al., 2000). However, the activity was designed to go beyond
inquiry-based activity. The instructor infused discussions about the components of NOS in each
step of the activity. In each step of the activity, the preservice teachers were asked to discuss
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several issues in a group: a) what are the characteristics of scientific knowledge, b) how is the
scientific knowledge developed, c) what is the role of a scientist, and c) what factors influence
the generation of scientific knowledge.
Explicit, Case-Based
We accepted this approach based on studies that recommend introducing the history of
science into science teaching (Galili & Hazan, 2001; Solomon, 1981). It has been asserted that
the inclusion of the history of science supports students’ learning of scientific concepts and
increases their interest and motivation (Matthews, 1994; Solomon, Duveen, & Scott, 1992). We
implemented two activities in this approach. The first activity was reading and discussing a given
historical case, while the second activity was developing a historical case as a group activity.
Reading a case. “The Phlogiston Theory and Lavoisier’s Theory of Combustion” was
used to introduce Kuhn’s theory of scientific revolution, which is one of the current
philosophical stances about the development of scientific knowledge. In addition, this case story
indicated the role of scientists’ subjectivity in the production of scientific knowledge. After
reading the story, the preservice teachers participated in a group discussion. This two-hour
activity was guided by the first author.
Developing a case: The History of Science Project. This project was designed for the
purpose of encouraging the preservice teachers to experience self-directed learning by
developing a historical science-related case (Knowls, 1973). Each group was asked to develop a
historical case that demonstrated a change in scientific knowledge in human history. The
preservice teachers were also asked to connect their cases to middle level science teaching. Next,
they were asked to develop a lesson plan related to their case. After working in groups for
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several weeks, the preservice teachers presented their cases and lesson plans to the whole class.
The entire project was guided by the third author.
Data Collection
Data was collected from multiple sources: an open-ended questionnaire, semi-structured
interviews, and written artifacts. This study used an open-ended questionnaire consisting of eight
questions. Six items were taken from and validated by Abd-El-Khalick et al. (1998) and
Lederman et al. (2002). The items were designed to elucidate respondents’ views regarding the
target components of NOS and the reasons underlying their views (Lederman & O’Malley, 1990).
The target components included were the empirical nature, inferential nature, subjective nature,
and tentative nature of scientific knowledge. The role of creativity/imagination and social
cultural influences in science were also included. We added two items to investigate preservice
teachers’ views about the development of scientific knowledge.
During the first semester, the participants’ understanding of NOS was examined through
the use of an open-ended questionnaire and in-depth interviews. Each participant completed the
questionnaire and took part in a pre-intervention interview. Based on analysis of the data from
the questionnaires and interviews, we planned an instructional module to enhance the preservice
teachers’ understanding of NOS. In the second semester course, we taught an NOS module
consisting of four different activites. After the interventions, the participants completed the same
questionnaire that they had completed before the interventions so that we could evaluate any
changes in their views of NOS. Post-intervention interviews were also conducted. The in-depth
interviews were conducted to elicit more detailed responses in relation to the participants’
answers on the open-ended questionnaires. In addition, in the post-intervention questionnaire and
interviews, we added questions to ascertain the preservice teachers’ perceptions of the four
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activities. All the interviews were audio-taped and transcribed for analysis. Written artifacts and
recorded group discussions were collected during the interventions.
Data Analysis
To investigate the changes in understanding of NOS, various data were separately
analyzed and compared to generate individual profiles. All the questionnaires and interview
transcripts were analyzed to create pre- and post-intervention profiles of participants’
understanding of NOS. After a thorough reading and analysis of the questionnaires and interview
transcripts, initial themes were found and compared. The initial themes were categorized into
several components of NOS. Based on these initial themes and categories, each participant’s
understanding of NOS was summarized as an individual profile. Finally, the participants’
profiles were compared to assess changes in their understanding of NOS. Analysis of the
participants’ perceptions of the four interventions was conducted using a similar process. The
individual profiles were first generated then compared to describe the participants’ perceptions
collectively using post-questionnaires and post-interviews. Several rounds of analysis were
conducted. The written artifacts and recorded group discussions that were collected during the
interventions were also analyzed to reveal the participants’ understanding about NOS and their
perceptions of the four interventions.
Findings
The results are presented in two separate sections. The first section focuses on changes in
the preservice teachers’ understanding of NOS. The second section delineates the perceptions of
the preservice teachers about the four interventions of NOS.
Changes in Understanding of NOS
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The results of the data analysis from the questionnaires and interviews indicated
significant pre-to post-test differences in preservice teachers’ views of NOS. In the preintervention questionnaire and interviews, the participants demonstrated naive views about most
target components of NOS, with the exception of both the subjective and tentative nature of
scientific knowledge. The criteria for the categorization of naive and informed views were based
on previous studies (Lederman et al., 2002; Liu & Lederman, 2003). When the participants
showed informed or naive views inconsistently according to contexts, these views were
categorized as partially informed views.
After the four interventions, the participants’ understanding of NOS showed changes in
all components. In particular, they showed a high degree of change in the components where
more than 50 % of the participants had shown naive views in the pre-intervention questionnaire
and interviews. The specific components in which the participants showed significant changes
were the empirical and inferential nature of scientific knowledge, the understanding of the
development of scientific knowledge, the role of creativity/imagination, and social/cultural
influences in science.
Table 1 shows each participant’s change in understanding of the target components of
NOS. The bold letters represent the components where each participant showed a change in
understanding from naive to partially informed or informed. Table 2 shows the number of
changes in participants’ understanding of the target components of NOS.
[Table 1 is Here]
[Table 2 is Here]
Empirical Nature
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Six among the eight participants who had shown a naive view in the pre-intervention
questionnaires and interviews indicated an informed view after intervention. Even though their
views were naive before intervention, most participants accepted the empirical nature of
scientific knowledge. They emphasized observational facts and experimental evidence and
expressed the view that science is different from other disciplines in that scientific knowledge is
based on evidence. However, they believed that observational facts and evidence are the sole
basis of science, and that science is just collecting facts, findings, and theories. They also
perceived that scientific knowledge can be “proven” (as opposed to confirm or supported) based
on observational or experimental evidence. None of the participants demonstrated an
understanding of science as a human endeavor to explain the world. Nor did they show the
knowledge of the processes of science, focusing only on the outcomes or results of science.
After intervention, most participants demonstrated a more informed view related
to the empirical nature of scientific knowledge. Some defined science as a way of knowing the
world. They admitted the possibility of different understandings and interpretations of the same
experiences and evidence. In addition, some focused more on the process of science rather than
on facts or discoveries as outcomes. In the case of P3, before intervention, she viewed science as
a collection of theories, but after intervention, her views about science broadened - science is a
way of seeing the world. She also emphasized the process of science rather than the outcome
itself:
Scientific knowledge is the combination of all of our collecting of our scientific
theories and everything that has been proven or that we can see. (P3, preinterview)
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Science is a way of finding out how things work and why they work, finding out
more about our world. …It includes exploring, making predictions, experimenting,
observing, drawing conclusions, and building on others….I mean seeing in a way,
just like how you perceive the world. (P3, Post-interview)
After intervention, six out of eight participants abandoned their beliefs about a universal
method to obtain scientific knowledge. They showed a more informed view about scientific
methods and did not admit a common series of steps in the scientific method. These views were
in contrast with the responses in the pre-intervention questionnaires and interviews. Before
intervention, most of the preservice teachers believed that science has a particular method that is
followed step by step, i.e., define the problem, form a hypothesis, plan an experiment, test the
hypothesis, and draw a conclusion. This view seemed to relate to their secondary school science
experiences as students.
Inferential Nature
Before the intervention, five participants believed that scientists can be very certain about
their theories because they are supported by scientific facts, evidence, and technology. For
example, they mentioned that scientists are very certain about the structure of an atom because,
with the use of technology, they could see an atom. Most of the participants showed strong trust
in the advancement of technology.
In contrast, after the intervention most participants recognized the inferential nature of
scientific knowledge. They said that scientists cannot be absolutely certain about scientific
findings because, to some extent, their theories include inference. They believed that scientists
use given data and prior knowledge, and that scientists also use inference when they create
explanations from the data.
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Some participants’ notion about the inferential nature of scientific knowledge seemed to
be related to the role of creativity/imagination in science. For example, P10 mentioned that
scientists need to use their creativity when they create scientific theories using inference.
I think that scientists have a general idea about the shape of the Milky Way Galaxy,
based on evidence. But they don’t know exactly what it looks like, what the colors are,
exactly where every single star is, so I think at that point scientists need to be creative.
(P10, post questionnaire)
This example is resonant with the observation of Osborne and his colleagues’ (2003) that the
components of NOS overlap each other and cannot be taught independently.
Development of Scientific Knowledge
Overall, the participants showed the highest degree of change in their understanding
about the development of scientific knowledge. Seven participants that initially had shown a
naive view exhibited partially informed or informed views after the intervention. Specifically,
they showed a change in their philosophical stance about scientific knowledge after intervention.
Before intervention, they showed a positivistic stance that indicated a belief in absolute truth.
Participants also believed that scientists could attain absolute truth by accumulating sufficient
evidence. In other words, they believed that scientific knowledge develops by repeated
experiments and observations which produce accumulated facts and theories.
However, after intervention, most participants did not exhibit a belief in absolute truth.
Their change in belief about absolute truth was connected to their understanding of the tentative
nature of scientific knowledge. In the post intervention interview, P2 explained the connection
between disbelief in absolute truth and the tentative nature of scientific knowledge:
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I don’t particularly believe in absolute truth. I think that sufficiently accumulated
evidence is not all the evidence. …I guess I really don’t believe in absolute truth
because things do change and we have proof that things change. I think evidence
results in the production of scientific knowledge but not always absolute truth (P2,
Post-interview).
After the intervention, some participants also recognized the importance of
communication in the development of scientific knowledge. Scientific knowledge was
perceived as an agreement within the scientific community. They also recognized that the
process of an agreement can be influenced by social issues or values. Specifically, P6
answered in the post questionnaire: “Social pressure and political pressure can play a role
in the development of scientific knowledge.” These responses show a connection
between the development of scientific knowledge and the social/cultural influences on
science.
The role of Creativity/Imagination
Before intervention, six participants held a naive view about the role of creativity and
imagination in science, while four of them changed to a partially informed view after
intervention. Specifically, before the intervention, the six participants with a naive view believed
that scientists use their creativity and imagination only in the planning and design of a scientific
investigation. However, after intervention, four of these participants responded that scientists use
creativity or imagination after the data collection stage as well as in the planning and design
stage. They recognized that scientists use creativity to not only generate new ideas and design
experiments, but also to construct explanations from the data generated in experimentation.
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Even though the participants broadened their views that scientists use
creativity/imagination after data collection, most of them did not admit that scientists use
creativity at all stages. They thought that scientists do not use creativity during the data
collection because data should be collected objectively. This view concerning the role of
creativity/imagination in the data collection seemed to be due to their beliefs about a universal
scientific method. The participants seemed to believe that when scientists collect data, they
follow objective methods, a process which does not require creativity/imagination. Related to the
empirical nature of scientific knowledge, we surmised that after the interventions, most
participants seemed to abandon their beliefs about a universal method of scientific knowledge.
This inconsistency implies that preservice teachers’ understanding of the NOS is not stable and
depends on contexts. The participants showed a belief in the presence of a universal scientific
method when they encountered the specific context of data collection.
Social/Cultural Influence on Science
All five participants who had held a naive view about the social/cultural influence
on science before intervention showed an informed view after intervention. Before
intervention, they believed that science and scientific knowledge are universal. They
focused on the fact that scientific knowledge has the same meaning in every country.
Additionally, those who held a naive view believed that science is universal because the
symbols and units used in science create a universal idea about scientific knowledge.
Another common belief among the participants who initially held a naive view
about the social/cultural influence on science was that even though scientists may have
different beliefs and religions, the knowledge that they generate is universally accepted.
This belief seemed to be related to their naive view about the empirical nature of
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scientific knowledge. They thought that scientific knowledge was objective regardless of
social/cultural influences because knowledge is based on facts and observational
evidence.
After intervention, however, these participants admitted that science and scientific
knowledge reflect social/cultural values. They identified various factors such as religion, politics,
and the economy and tried to explain how these factors influence the creation and development
of scientific knowledge.
Perceptions of the four interventions of NOS
The second question guiding our research focused on how preservice teachers perceived
that the activities within the different instructional approaches influenced their understanding of
NOS. Even though the participants perceived all activities as helpful in improving their
understanding of NOS, they indicated different perceptions of these activities. For example, they
chose the Cube Activity as their favorite in that it was more interesting than the other activities,
and they learned various components of NOS from it. The participants perceived that the
Pendulum Lesson was helpful in that they learned scientific concepts concomitantly with NOS
concepts. Reading a Case was the least preferred activity among the participants. However,
Reading a Case and Developing a Case were perceived by the participants as effective in
developing their understanding specifically of the development of scientific knowledge.
Cube Activity
Most participants characterized the Cube Activity as very interesting and felt that they
were actively involved. They perceived the cube activity as a good way to teach their future
middle grades students about NOS. They also thought that the Cube Activity was helpful in
improving their understanding of certain characteristics of science. After this activity, they
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indicated a more informed view of the empirical nature of scientific knowledge. They recognized
that scientific knowledge is more than a collection of facts and evidence, and that it can be
created through different approaches and interpretations. They also mentioned that there is no
universal scientific method such as a step-by-step method. For example, P2 mentioned that,
through the Cube Activity, she became aware that scientists arrive at their conclusions by using
various procedures:
It enabled me to actually see how many different procedures can be used to come to the
same conclusion….We all had different ideas and different ideas of coming up with
something but there was not one right or wrong answer. (P2, Post-interview).
In addition, the Cube Activity improved preservice teachers’ understanding of the inferential
nature of scientific knowledge. For example, P4 explained that the Cube Activity demonstrated
that scientific knowledge is not absolute and that it includes guessing and making inferences:
You aren’t sure until you actually look on the bottom [of the cube]. That’s just
like with science, we can look at the data we’re given, what we know, our
knowledge…but we’re still…we’re never exactly sure…You look at how things
were going on the other side of the cube, found a pattern to figure it out. (P4,
Post-interview).
Additionally, through the Cube Activity, preservice teachers perceived that they had experienced
what a scientific process was by gathering data and evidence to generate an explanation. The
participants also perceived that, through this activity, they recognized that scientists’ subjectivity
influences the construction of scientific knowledge and that scientific knowledge is in fact an
agreement within the scientific community.
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Overall, perservice teachers perceived that the Cube Activity was a good approach to
teaching and improving their understanding of target components of NOS including the
empirical, inferential, and subjective nature of scientific knowledge.
Pendulum Lesson
Five participants felt that the Pendulum Lesson was very interesting. They stated that
they would use it in their future teaching. By teaching this lesson, they believed that they could
generate an interest in science in their students. However, for the other participants, it was more
difficult than the Cube Activity. They perceived that this lesson required an understanding of
physics concepts, rather than seeing the lesson as an opportunity to build their understanding of
the science while learning about NOS. Because of lack of prior knowledge and a lack of
confidence in their prior knowledge, they perceived that they had difficulty doing the lesson.
They also thought the more “learner self-directed” inquiry (NRC, 2000, P.29) made the lesson
difficult. P1 discussed the difficulty she felt when she participated in the Pendulum Lesson:
I liked what we did but I felt it took a long time…she [the instructor] didn’t really tell us
what to do, we weren’t given specific instructions and…I needed a little better
instructions, like how many weights to use and where to put this and how much time we
need to watch the pendulum swing. (P1, Post-interview)
Students like P1 were uncomfortable with designing an investigation in which they had to
determine the influence of the mass of a pendulum bob and the length of a pendulum string on
the period of a pendulum.
While some participants, like P1, said that the lesson was intellectually demanding due to
the “learner self-directed” inquiry, the other participants perceived that they had participated in
an experience that mirrored “doing science.” For example, P2 said that, through the Pendulum
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Lesson, she had experienced scientific inquiry. Students like P2 recognized that the Pendulum
Lesson provided an opportunity for doing scientific inquiry while at the same time learning
scientific concepts.
While most participants chose the Cube Activity as the favorite activity that contributed
to improving their understanding of the target components of NOS, they perceived that the
Pendulum Lesson was appropriate for connecting NOS teaching with a science context.
Perceiving that the Pendulum Lesson was more related to scientific contexts than the other
activities, the participants recognized that this activity also influenced their understanding of
NOS. From this lesson, several participants, like P3, became aware of the subjectivity in science:
It also affected my thinking about how scientists can be biased …they’re going to
see what they want to see, and they’re going to make their evidence what they
want to see…just like we did as scientists. (P3, Post-interview)
In their pendulum investigation, P3’s group thought that more mass would significantly
change the period of the pendulum. Hence, when they compared the periods of two
pendulums (one made of one washer at the end of a string, and the other made of 15
washers on the same length of string), they interpreted their data to support their
prediction, even though their data did not reflect a pattern of more mass resulting in a
shorter period. From the experience that her preconceptions influenced her observations
and conclusions, P3 recognized that scientists’ subjective factors such as academic
background or knowledge basis may influence the construction of scientific knowledge.
In addition, by engaging in the pendulum lesson the preservice teachers recognized the
role of creativity and imagination in scientific investigation. When they were asked to plan the
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experiment, they felt that they used their creativity to design the experiment and to interpret their
data.
In summary, even though the preservice teachers had difficulty or were uncomfortable
with performing parts of the lesson, they perceived that the Pendulum Lesson gave them an
opportunity not only to participate in scientific inquiry, but also to improve their understanding
of target components of NOS including subjectivity and the role of creativity/imagination.
Reading a Case
Among the four interventions, reading the case story, “The Phlogiston Theory and
Lavoisier’s Combustion Theory,” was the least preferred among the participants. Participants
pointed out several limitations of this activity. For example, P7 mentioned that she had difficulty
in understanding the content of the story, largely due to lack of time for reading. P3 indicated
that the primary weakness of Reading a Case was that it required them to be less involved and
more passive. A positive aspect of this activity that participants cited was that the connection
they made to their future teaching. P3 mentioned that she would consider reading time when she
uses the case story in her future teaching because different students need differing amounts of
time to read. P4 said that reading a case is a good way to introduce the history of science to
students in that it portrays science as a more real, human endeavor, and that students like reading
stories.
By reading a case and attending a group discussion, preservice teachers seemed to
improve their understanding of NOS. In particular, this case story broadened the preservice
teachers’ views about the development of scientific knowledge. In addition, it helped participants
recognize the existence of subjectivity in science. They indicated that scientists do not easily
accept a new paradigm in the stages of normal science and crisis as suggested by Thomas Kuhn.
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For example, in the group discussion concerning the question, “How do you think scientific
knowledge develops? Illustrate using examples from this story.” P10 referred to the development
of scientific knowledge in terms of Kuhn’s theory of scientific revolution:
When Lavoisier noticed an anomaly with the changing of mass, he decided to test
the phlogiston theory. This led to dissent in the scientific community leading to a
sort of revolution. (P10 group discussion)
P10 explained the development of scientific knowledge by connecting the case story and
Kuhn’s theory of scientific revolution. This example shows that, through this activity, P10’s
view about the development of scientific knowledge has broadened from the view that scientific
knowledge simply develops by accumulating sufficient evidence.
Developing a case: The History of Science Project
Participants’ chief perception of this activity focused on the self-directed nature of
learning through this activity. For each project, the preservice teachers were asked to find their
own cases and conduct the project in groups. The participants perceived that this studentcentered project would give their future students good opportunities to solve problems for
themselves.
Participants perceived that the History of Science Project improved their understanding
of science and its development. P4 explained that participating in the project broadened her
thinking about science. Specifically, she recognized that various interpretations could be possible
concerning the same phenomenon. This recognition seemed to influence her understanding of the
empirical nature of scientific knowledge.
P1 indicated that this project gave her experience in learning the tentative nature of
scientific knowledge and the way science has developed:
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I think it was interesting to research the history of a particular thing and see how it
evolved over time and where we’ve come because it shows that even with—like an atom,
if somebody was to do theory of an atom structure, it has changed over time and it just
goes to show that through more and more people researching and in depth and the more
knowledge we gain, things change. (P1, Post-interview)
In addition, participants recognized that scientific knowledge is socially and culturally
embedded. They explained the social/cultural factors in science related to each project.
It’s just really good to see the many aspects that…you know, people’s beliefs and
ethical issues and all that does play a part in science. (P5, Post-interview)
In summary, participants perceived the History of Science Project as providing a
self-directed learning opportunity through which they were able to improve their
understanding of several components of NOS. In particular, participants thought that their
understanding of the empirical and tentative nature of scientific knowledge, the
development of scientific knowledge, and the social/cultural influences on scientific
knowledge was enhanced.
Discussion
In this study, we developed and implemented an instructional module that incorporated
various instructional approaches to NOS teaching for a science methods course. After
implementing this module, we investigated how preservice teachers’ understanding of NOS was
improved and how they perceived the different activities. After intervention, the preservice
teachers exhibited substantial changes in their views of NOS. They indicated a more current
understanding of most components of NOS. In addition, the preservice teachers perceived that
each activity was helpful in improving their understanding of NOS and in preparing them for
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future teaching. These results support the basic assumption of this study—that inclusion of
various approaches to teaching NOS can contribute to developing preservice teachers’
understanding of NOS.
The findings of this study have a several implications not only for our continuing
development of future NOS teaching modules, but also for science teacher educators who wish
to design similar modules for science methods instruction. First, from comparing the pre- and
post-intervention outcomes and the perceptions of preservice teachers, we found that the
activities complemented each other in the teaching of the NOS components. Even though the
components of NOS that each activity included overlapped, each activity seemed to emphasize
more certain components of NOS than other components. For example, in the Cube Activity, the
participants referred more to the empirical and inferential nature of scientific knowledge.
However, the role of creativity/imagination was more prominently addressed in the Pendulum
Lesson. An understanding of the development of scientific knowledge, the tentativeness of
scientific knowledge, and the social/cultural influence on science were emphasized in the History
of Science Project. Hence, these findings provide a rationale for including various instructional
approaches in an NOS teaching module.
Second, this study heightened our awareness of how a module format that incorporates
several approaches can help emphasize to students how various components of NOS are related.
From the preservice teachers’ changes in their understanding of NOS, we found that there were
certain components of NOS that they recognized as being related to other components of NOS.
For example, an understanding of the inferential nature of scientific knowledge often was
connected to the role of creativity/imagination. We also found that participants made connections
between the empirical nature of scientific knowledge and the role of creativity/imagination, and
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between the development of scientific knowledge and the social/cultural influence on science.
This finding is resonant with the general assertion that components of NOS are interrelated and
overlap, and should not be taught independently (Osborne et al., 2003). In the future, we will
make a more concerted effort to focus students’ attention on the connections among the
components of NOS, rather than presume that students’ will naturally see such connections from
the instructional module. In addition, we suggest that in planning NOS instruction, science
teacher educators should map out the components of NOS that each approach will address,
thereby ensuring that overlap occurs and interrelationships can be emphasized within the NOS
instruction (see Appendix 1 for our module map).
The findings regarding the Cube Activity and the Pendulum Lesson are related to the
debate regarding an effective instructional approach to NOS teaching. In this study, most
participants chose the Cube Activity as their favorite activity because they could be actively
involved and because they found it more interesting than the other activities. The Cube Activity,
as an explicit approach, was perceived to be most effective in improving the preservice teachers’
understanding of NOS. However, one possible explanation for the preference is the low
intellectual demand of the activity. Though the Cube Activity undeniably facilitates
understanding of NOS, it does not require prior knowledge of science concepts nor concomitant
building science content knowledge to understand or engage in the activity. Nonetheless, the
participants preferred the direct teaching of target components of NOS. This result seems to be
consistent with the results of previous studies that suggest that an explicit approach is more
effective than an implicit approach (Abd-El-Khalick & Lederman, 2000; Akerson et al., 2000).
On the other hand, the explicit approach has limitations in that it does not include real
science contexts. The NOS instruction that does not include science contexts may result in
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preservice teachers viewing NOS as supplemental rather than integral to their science instruction
(Driver et al., 1996; Matkins et al., 2002). Considering the actual classroom situation where
teachers typically have to cover a predetermined curriculum or set of curriculum standards,
context-based instruction of NOS for preservice teacher education seems to be a logical approach.
We purposefully included the Pendulum Lesson in our module to model for the preservice
teachers how science content instruction can be integrated with NOS instruction. One of the
limitations that we found to this approach is that students who found the processes of inquiry
difficult were not able to attend fully to the NOS points of instruction. An explicit, context-based
approach, particularly if conducted from an inquiry orientation, requires students to attend to
science content, nature of science content, and inquiry-based pedagogical content. The
complexity of this approach has the potential to be overwhelming to some students, which may
undermine achieving any one of the multiple purposes of the lesson. In our case, the inquiry
orientation of the lesson seemed to be the factor that was most disconcerting to some students.
Prior to teaching this module again, we will provide preservice teachers with more experiences
in which they can become comfortable with and more adept at designing investigations to answer
researchable questions.
Besides the two instructional approaches (i.e. explicit, not context based; and explicit,
context based) that have been suggested in NOS research as being effective in NOS teaching, we
added an explicit, cased-based approach to comprise an NOS teaching module in this study. We
stated that an understanding of how scientific knowledge develops is an essential part of the
epistemology of science. The case-based approach was effective in developing preservice
teachers’ understanding of the development of scientific knowledge. In particular, the activity of
reading a case broadened preservice teachers’ understanding by providing an example that
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demonstrates the theory of the development of scientific knowledge. By encouraging selfdirected learning, developing a case through the History of Science Project played a role in
improving preservice teachers’ skills in decision making and problem solving as well as in an
understanding of NOS.
The explicit instruction of NOS has been suggested as being effective in that knowledge
of NOS is the result of the scientific endeavors of historians of science, philosophers, and
reflective scientists, which has a conceptual framework (Abd-El-Khalick & Lederman, 2000;
Akindehin, 1988; Ogunniyi, 1983). That is, understanding of NOS is the result of ‘cognitive’
learning outcomes rather than ‘attitude’ or ‘disposition’ (Abd-El-Khalick & Lederman, 2000).
While accepting the need to be explicit about the teaching of NOS, our study suggests that
instructors should combine various explicit approaches—not context-based, context-based, and
case-based—as together they appear to contribute to teachers’ understanding of NOS. A future,
larger scale study might examine the relative contribution of each approach, as well as looking at
interaction effects, to the development of preservice teachers’ knowledge of NOS.
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Appendix 1
A Module Map
Explicit, not
context-based

Explicit,
context-based

Cube Activity

Pendulum
Leaning

Empirical



Inferential



Explicit, case-based
Reading a
Case



Tentativeness
Subjective
Development of
scientific knowledge
Creativity/Imagination
Social/Cultural influence

Developing a
Case
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Table 1.
Each participant’s change in understanding of the target components of NOS
Post-intervention

Pre-intervention
Naïve
P1
P2
P3
P4
P5
P6
P7
P8
P9
P10

E, I, T, So
E, D, So
E, D, C
E, T, D, C
I, D
E, So
E, T, S, D, C
E, I, D, C
E, I, T, D, C,
So
I, S, D, C, So

Partially
informed
D, C
I, T, C
I
I
E, T, C
I, D

E

Informed

Naïve

Partially
informed
D, I, C
I, C
D, C
C
D, C

Informed

S
S
T, S, So
S, So
S, So
S, T, C
I, So
T, S, So
S

E
D

E, C
I
T,

C
C

T, S, So,
E, T, S, So
E, I, T, S, So
E, T, I, S, D, So
E, I, T,S, So
E, I, T, S, D, C, So
I, T, S, D, So
E, T, S, D, So
E, I, S, D, So

T

C

E

I, T, S, D, So

Empirical nature (E), Inferential nature (I), Tentativeness (T), Subjective nature (S)
Development of scientific knowledge (D), Role of creativity/imagination (C), Social/cultural
influence (So).
Table 2.
The number of changes in participants’ understanding of the target components of NOS (n=10)

Components of NOS
Empirical
Inferential
Tentativeness
Subjective
Development of
scientific knowledge
Creativity/Imagination
Social/cultural influence

Naive
8
5
4
2
8
6
5

Pre-intervention
Partially
Informed
informed
2
4
1
2
4
8
2
3

1
5

Post-intervention
Naive
2
1
1
0
1
2
0

Partially
informed
1
2
3
7

Informed
7
7
9
10
6
1
10

